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Introduction
Attention-deficit/hyperactivity disorder (ADHD) is a 
common childhood-onset disorder characterized by age-
inappropriate levels of inattention and/or hyperactivity–
impulsivity that are present in multiple settings [3, 4]. In 
addition to its core symptoms, ADHD is associated with an 
increased risk for behaviors reflecting poor decision-mak-
ing skills [54] such as unsafe driving [54], sustaining inju-
ries [13] and social dysfunctions [47].
Two widely studied factors contributing to decision-
making that are part of influential theoretical accounts of 
ADHD are alterations in cognitive control e.g., [5], [9], 
[53] and reward processing [38]. In line with growing 
awareness of ADHD heterogeneity e.g., [9], [60], decision-
making in the context of ADHD may be best viewed as the 
result of interactions between cognitive control and motiva-
tional states, e.g., [8, 61]. This relates to decision-making 
contexts in which the motivational significance of stimuli 
needs to be appraised, also referred to as reward-related 
decision-making, when the motivational component per-
tains to monetary outcome, e.g., [36, 43, 68].
Research on reward-related decision-making in individ-
uals with ADHD has mainly focused on risk tasks (gam-
bling) and temporal discounting tasks (choice between 
small immediate and large delayed rewards). Children and 
adolescents with ADHD show increased risky performance 
and a stronger preference for small immediate rewards 
compared with controls [21, 32].
These two lines of research provided important insight 
into reward-related decision-making in individuals with 
ADHD. However, this research was conducted using non-
social tasks. Importantly, social and emotional impairments 
are associated with ADHD [67]. Therefore, it is relevant to 
study decision-making while appraising the motivational 
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significance of stimuli in social interactions in individu-
als with ADHD. Indeed, children with ADHD demonstrate 
fewer prosocial behaviors such as empathy (especially 
those with comorbid conduct problems [29], have less 
stable friendships [48] and show more peer rejection than 
children without ADHD [15, 30, 31, 42, 52, 65], but also 
see [19]. Peer rejection and social dysfunction are impor-
tant negative consequences of ADHD and are associated 
with poor long-term outcomes including cigarette smok-
ing, delinquency, anxiety and global impairment, empha-
sizing the relevance of investigating social behavior in 
children with ADHD [44, 47]. Adding social contexts to 
reward-related decision-making tasks will thus increase the 
ecological validity. Also, it provides insight into interac-
tions between reward-related decision-making and social 
functioning.
Paradigms assessing social reward-related decision-
making have been widely used in the field of economics. 
One of its aims is identifying factors that influence financial 
decision-making. Such paradigms, called economic games, 
have been extensively investigated and their typical effects 
are well documented. One such game, the ultimatum game 
(UG), assesses ultimatum bargaining [24]. An ultimatum is 
defined as a situation in which one player (Proposer) pro-
poses a division, which the second player (Responder) can 
either accept or reject. The Responder can either accept the 
offer; both players then receive the money (divided as pro-
posed). Alternatively, the Responder rejects, and both play-
ers will receive nothing. Always accepting the offer would 
be most economically beneficial (small monetary gain is 
better than none), but it has been well established that rela-
tive offers of <20 % are typically rejected [24]. This dem-
onstrates that people do not exclusively value material gain 
[7, 25]. In the current study, participants take on the Pro-
poser role. Therefore, Proposers have to consider that a too 
low offer may be rejected, whereas a reasonably equal split 
has a high acceptance chance. Accordingly, offers made in 
the UG are typically close to 50 % of the total [6].
In addition to these strategic considerations, another 
possible motive for proposing equal splits in the UG is fair-
ness [6, 18, 55, 67]. The dictator game (DG) can be used 
in addition to the UG to tease apart strategy from fair-
ness. This paradigm is identical to the UG except for the 
crucial fact that the Responder cannot reject. Thus, both 
players will receive the Proposers’ offer, regardless of the 
Responders’ opinion [33]. Therefore, in the DG, fair offers 
are likely motivated by fairness, and not strategy, e.g., [6, 
40]. Accordingly, offers in the DG are typically lower than 
in the UG [6]. If the discrepancy between offers in both 
games is high (e.g., the participant offers 50 % of their 
money in the UG but 0 % in the DG), then the UG offer 
reflects strategic bargaining. In other words, the player 
increased the acceptance likelihood in the UG by offering 
a share that will not likely be rejected [55]. Alternatively, if 
the discrepancy between both games is low (e.g., when the 
Proposer offers 50 % in both the UG and DG games), then 
the UG offer likely reflects a fairness motive, because in 
the DG the Responder is not able to reject the offer. Thus, 
the combination of games can be used to assess motives 
behind reward-related decision-making.
These games have been thoroughly studied in children 
and adolescents without ADHD, for review see [12]. In 
3- to 8-year-olds, preferences shift from more selfish DG 
decisions to relatively more equal splits with increasing 
age [16]. Children at age 8–9 years no longer differ from 
adolescents and adults in their DG decisions [27]. Strategic 
social decision-making follows a more prolonged develop-
ment. Six to 13-year-olds show stable DG offers but not 
UG offers, and thereby the difference between the offers 
increases with age. Higher UG offers were positively asso-
ciated with individual differences in response inhibition 
and left dorsolateral prefrontal cortex (DLPFC) response 
and cortical thickness [61]. These games have been well 
studied and both show robust effects of social context (UG 
versus DG) in healthy populations. In addition, the instruc-
tions are easy to understand. Straightforward instructions 
and short tasks are preferred when comparing individuals 
with psychopathology such as ADHD with healthy con-
trols, because of the possibly impaired working memory or 
attention deficits in the psychopathology group. Therefore, 
these paradigms are suitable for studying social decision-
making in children with and without ADHD but also across 
different age groups. The first is especially an understudied, 
but relevant area of research, also see [58].
In summary, the primary goal of this study was to assess 
reward-related decision-making in social contexts in chil-
dren and adolescents with ADHD and controls. Specifi-
cally, considerations of fairness versus strategic bargaining 
were assessed by administering the UG and DG in the role 
of the Proposer. Self-reports provided more insight into the 
motives behind decisions. Because ADHD is associated 
with atypical reward sensitivity and lower cognitive control 
[26, 38], the main hypothesis was that the ADHD group 
would aim to maximize their monetary gain. If participants 
with ADHD would make low offers in both games relative 
to controls, this would be interpreted as a limited consid-
eration of fairness and others’ perspective. On the other 
hand, if individuals with ADHD would make lower offers 
than controls in the DG but not in the UG (large discrep-
ancy), this would indicate strategic bargaining, while also 
understanding others’ perspective. As a secondary goal, 
group differences in prosocial behavior were examined, 
also in relation to offers. We expected prosocial behavior to 
be associated with fairness preference.
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Methods
Participants and screening procedure
The final sample consisted of 67 children and adolescents 
in the age range of 9–17 years. Participants with ADHD-
combined subtype (ADHD-C; n = 29) were recruited 
through Karakter, Child and Adolescent Psychiatry Depart-
ment of the Radboud University Nijmegen Medical Cen-
tre. Control subjects (n = 38) were recruited through local 
advertisements and schools. The groups did not signifi-
cantly differ on gender, age, and IQ (see Table 1).
Clinical assessment: All ADHD subjects were previously 
diagnosed with ADHD-C by accredited clinical psycholo-
gists/psychiatrists. Furthermore, the diagnosis of ADHD-C 
was re-confirmed by a trained psychologist at the time of 
the study using a structured parent interview: the Diagnostic 
Interview Schedule for Children (DISC–IV) [57]. Partici-
pants with ADHD were excluded if they met the psychiatric 
disorder criteria other than ADHD on the DISC-IV, except 
for oppositional defiant disorder (ODD). Because of the 
high comorbidity with ADHD, subjects with comorbid ODD 
(n = 9) were included. Additional questionnaires were used 
as descriptive (not diagnostic) instruments (Table 1). Partici-
pants with ADHD who were using psychostimulants (n = 20) 
discontinued their medication 24 h prior to testing [20].
Controls were excluded if they met criteria for psychiat-
ric disorders on the DISC-IV, as assessed by a trained psy-
chologist, or scored within clinical range on the Disruptive 
Behavior Disorder Rating Scale (DBDRS; [50] or CBCL 
(CBCL; [1]. Participants in both groups were required to 
have an estimated IQ >75 based on the vocabulary and 
block design of the Dutch Wechsler Intelligence Scale for 
Children (WISC-III; [34].
Interpersonal Reactivity Index (IRI)
The IRI was included to measure the prosocial behaviors, 
perspective taking and empathy. The 28-item IRI self-report 
is designed for the assessment of empathy [14], defined as 
“the reactions of one individual to the observed experiences 
of another (p. 1)”. Participants responded on a five-point 
Likert scale. The IRI consists of four subscales: perspec-
tive taking, empathic concern, fantasy and personal dis-
tress with high reliability (Chronbach’s alpha .72, .70, .78 
and .73, respectively, for early adolescents [28]. We used 
the subscales perspective taking and empathic concern. Per-
spective taking refers to the ability to spontaneously adopt 
the psychological viewpoint of someone else. Empathic 
concern addresses feelings of sympathy and concerns for 
unfortunate others [14]. In the current sample, the reliabil-
ity of perspective taking and empathic concern (subscales 
Table 1  Participant 
characteristics
a Disruptive Behavior Disorder Rating Scale. Standardized scores. For the norm group, the average score 
is 10 ± 3. b Child behaviour checklist. c Interpersonal Reactivity Index. α was set at .05
Variable Controls (n = 38; 20 boys) ADHD (n = 29; 20 boys) Group difference
Mean, SD Mean, SD
Age 13.24 ± 2.32 12.31 ± 2.38 p = .11
Estimated IQ 107.55 ± 14.47 101.62 ± 12.03 p = .08
DBDRS (parents)a
 Inattention 10.44 ± .93 15.18 ± 1.60 p < .001
 Hyperactivity/impulsivity 10.38 ± 1.02 14.48 ± 2.09 p < .001
 ODD 10.82 ± 1.38 12.94 ± 1.62 p < .001
 CD 11.44 ± 1.46 12.39 ± 1.85 p = .03
CBCL (T scores)b
 Social problems 51.43 ± 2.44 59.16 ± 7.69 p < .001
 Rule-breaking behavior 52.06 ± 3.55 57.96 ± 7.54 p = .001
 Aggressive behavior 50.69 ± 1.94 62.96 ± 7.33 p < .001
CBCL DSM scales (T scores)
 Affective problems 52.63 ± 3.08 61.88 ± 7.16 p < .001
 ADHD 51.37 ± 3.20 70.84 ± 5.89 p < .001
 ODD 51.43 ± 3.15 61.12 ± 8.69 p < .001
 CD 51.31 ± 2.61 58.88 ± 6.41 p < .001
IRIc
 Perspective taking 2.1 ± 0.72 2.08 ± 0.69 p = .78
 Empathic concern 2.25 ± 0.49 2.11 ± 0.70 p = .36
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of interest) were good (Chronbach’s alpha .74 and .68, 
respectively).
Reward‑related social decision‑making tasks
Ultimatum game
Participants played a one-shot UG in the role of the Pro-
poser. They were informed that they were randomly 
selected to fulfill the role of the Proposer and instructed to 
distribute €5 between themselves and an anonymous part-
ner (Responder). They were told that the Responder was 
another participant in the study of the same age who could 
either accept or reject their offer. If the offer was accepted, 
the money would be divided as proposed. If the offer was 
rejected, neither player would receive anything. It was 
emphasized that the game was played for real money and 
that they would be paid on their next visit (study proce-
dure) based on the decision made by the Responder. It was 
further emphasized that all players would remain anony-
mous and that they would not meet or interact in any of 
the subsequent experiments. The participants indicated 
their offer on a paper with two rows indicating amounts 
displayed in 50-cent increments from €0 to €5. In reality, 
there was no responder and when offers fell below €2 the 
experimenters told participants during their next visit that 
the offer was rejected. If the offer was higher or equal to 
€2, participants were told that their offer was accepted and 
they were paid accordingly. Rejecting offers that are much 
lower than 50 % of the total amount would be a realistic 
reaction [49].
Dictator game
Participants played a one-shot DG, also in the role of the 
Proposer. The procedure was the same as outlined above, 
except that the Responder did not have the option to reject 
the offer and participants were explicitly informed of this. 
Furthermore, they were told that they would make this offer 
to another, anonymous partner. After their choice, they 
received the amount that they wanted to keep for them-
selves immediately. They were not informed of this imme-
diate payoff before their choice.
Self‑reports
After completing both games, all participants were asked 
to respond to three questions concerning the games: “How 
did you make your decision during the game?” (for UG and 
DG) and “How difficult was it to make these decisions?” 
These were asked as open-ended paper and pencil ques-
tions to avoid evoking response biases. The responses were 
evaluated qualitatively and categorized based on the con-
tent (see below).
Study procedure
This study was approved by the local medical ethics com-
mittee consistent with the Dutch Act on Medical Research 
Involving Human Subjects. Informed consent was obtained 
from all participants and their parents. This study con-
sisted of three consecutive test days. This experiment was 
part of a larger project with other experimental studies 
reported elsewhere. Participants completed the IQ assess-
ment, UG and DG, and questionnaires in the first session in 
the behavioral laboratories of the Radboud University. The 
families received €30 for participating in all the sessions.
Analyses
ADHD versus control comparisons for offers
The dependent variables were not normally distributed. 
Therefore, we performed non-parametric Mann–Whit-
ney U tests to examine whether participants with ADHD 
differed from controls on UG offers, DG offers and stra-
tegic bargaining (UG–DG offers). Effect sizes for the 
Mann–Whitney U (denoted as r) are computed by dividing 
the Z statistic by the square root of the sample size, with 
small, medium and large effect sizes of r = .01, 0.3 and 
0.5, respectively [17]. Significant Mann–Whitney U tests 
were followed by categorizing DG offers into fair (50 %), 
intermediate (0 > 50 %) and unfair (0 %) decisions. Groups 
where then compared on categories using a Chi-square test 
and a significant result was further examined by converting 
the adjusted residuals (Z-scores) to Chi-square values and 
testing those against a Chi-square distribution (Bonferroni 
corrected α = .0167) as recommended to identify group 
differences per category following significant Chi-square 
tests [64]. Age did not correlate with UG offers (rho = .01, 
p = .96) or DG offers (rho = .08, p = .50). Therefore, it 
was not included as a factor in the analyses.
Self‑reports
To examine between-group differences in fairness versus 
strategic considerations in the UG and DG offers and their 
difference score, responses were stratified into three cate-
gories and compared between diagnostic groups using Bon-
ferroni-corrected Chi-square tests (α = .0167). Responses 
on the UG and the DG question could be stratified into the 
categories: (1) fair or (2) strategic. Responses to question 
3 were categorized into two options: (1) difficult or (2) 
easy. For all three questions, the answer was assigned to a 
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third category if a participant responded not to know their 
motive. To assess which consideration contributed to the 
offers in the games, a Kruskal–Wallis test was conducted 
for the three response categories. If the Kruskal–Wallis 
test was significant, post hoc Bonferroni-corrected Mann–
Whitney U tests were conducted (α = .0167). For these 
analyses, the coded responses (fair/strategic/do not know) 
to the self-report questions were entered as independent 
variables, while offer sizes and the difference (UG–DG 
offers) were the dependent variables.
Reward‑related decision‑making associations with IRI
To examine whether empathic concern and perspective 
taking correlated with strategic bargaining, Spearman rho 
correlations were computed across groups. Bonferroni cor-
rections for multiple comparisons were applied, α = .006. 
Ten participants (7 controls, 3 ADHD) did not complete the 
scales and were excluded.
Results
Descriptive statistics
In accordance with previous reports [6], the mean offer 
made in the UG was between 40 and 50 % of the total: 
48 % (M = €2.40; SD = 0.26). The mode was €2.50 and 
the range €1–3. As expected [6], the current study shows 
that the mean offer in the DG was lower than that in the 
UG and close to 20 % of the total: 19 % (M = €0.90; 
SD = 1.05). The mode was €0 and the range €0-2.50.
For the IRI, the mean score over all participants for per-
spective taking was 12.67 (SD = 4.18); for empathic con-
cern, it was 13.14 (SD = 3.52). There were no significant 
group differences in either of the scales (Table 1).
The ADHD and control groups differed in the DBDRS 
and CBCL scales (Table 1). The ADHD and control 
groups did not significantly differ in age, IQ or gender 
(χ2(1,75) = 1.74, p = .24; Table 1).
ADHD versus control comparison for offers
For UG offers, we found no significant difference between 
the control and ADHD group (Fig. 1a; U = 537.00, 
p = .80, r = −.03). In the DG, the ADHD group made 
lower offers than controls (Fig. 1b; U = 381.50, p = .02, 
r = −.29). The Chi-square analysis clarified this finding by 
showing a group difference in the fair/intermediate/unfair 
categories (χ2(2,67) = 8.37, p = .02). This group differ-
ence was driven by the lower amount of fair offers from 
ADHD participants (50 % of the total amount) (n = 1) than 
controls (n = 12; Z = ±2.90, p = .004). There were no 
group differences in the intermediate category (Z = ±.70, 
p = .48) or in the unfair category (Z = ±1.60, p = .11).
As for strategic bargaining, the ADHD group (median 
(Mdn) = 2.00, range = 0–2.50) had a significantly larger 
difference between the UG and DG offer than the control 
group (Mdn = 1.25, range = 0–2.50, U = 391.50, p = .04, 
r = .26), indicating that the ADHD group showed more 
strategic bargaining than controls (Fig. 1c).
Importantly, the effects remained the same when exclud-
ing individuals with comorbid ODD (n = 9; there were no 
participants who met criteria for comorbid CD or other 
comorbidities): Children with ADHD made lower offers 
on the DG compared with controls (U = 258.50, p = .03, 
r = −.28) and there was no significant group difference 
in the UG (U = 361.00, p = .57, r = −.06). Furthermore, 
there were no significant correlations between ODD/CD 
symptoms on either the DBDRS or CBCL and offers made 
on both games (for DG all p > .10; for UG all p > .07). 
There were also no significant correlations between offers 
on either game and the CBCL scales social problems, 
rule-breaking behavior or aggressive behavior (for DG all 
p > .40; for UG all p > .17). This suggests that our effects 
were not driven by the individuals with comorbid ODD or 
CD symptoms.
Self‑reports
For Question 1 (decision UG), the ADHD and control 
group did not significantly differ in the number of partici-
pants per response category (χ2(1,67) = .48, p = .62). The 
UG offer did not significantly differ per response category 
(χ2(1,67) = 3.06, p = .11). The mean ranks were 36.65 for 
fairness and 30.93 for strategy. No participants responded 
with “do not know”.
For Question 2 (decision DG), the overall Chi-square 
test was significant (χ2(2, 67) = 9.73, p = .006): fewer 
participants with ADHD (20.7 %) than controls (50 %) 
reported fairness (Z = ±2.50, p = .01). There was no 
group difference in strategy considerations (controls 50 %, 
ADHD 65.5 %, Z = 1.69, p = .19) or in the category 
“do not know” (ADHD 13.8 %, controls 0 %, Z = 5.76, 
p = .02, α = .017). There was a difference between self-
reports and offers (χ2(2,67) = 41.75, p < .001): partici-
pants who answered with fairness made higher DG offers 
than those who reported strategy (U = 228.00, p < .001, 
r = .78), but not those who responded with “do not know” 
(U = 24.00, p = .11, r = .20). Those who considered strat-
egy did not differ from those who responded with “do not 
know” (U = 76.00, p < .99, r = .34). Mean ranks were 
51.68 fairness, 21.78 strategy and 39.63 “do not know”.
For Question 3 (difficulty deciding), the ADHD and 
control group did not differ (χ2(2,67) = .25, p = .30). 
Kruskal–Wallis tests showed that offers in the UG, DG and 
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the difference between UG and DG offers were unrelated 
to self-reported difficulty (UG (χ2(2,67) = 1.16, p = .49), 
DG (χ2(2,67) = .11, p = .95), difference (χ2(2,67) = .08, 
p = .97). The UG mean ranks were 35.27 for fairness, 
32.43 for strategy and 28.67 for “do not know”. The DG 
mean ranks were 33.44 for fairness, 34.96 for strategy and 
34.33 for “do not know”.
Individual differences: IRI scales
There were no correlations between perspective taking 
(rho = −.11, p = .40) or empathic concern (rho = −0.28, 
p = .03, α = .006) with DG offers.
Discussion
This study investigated reward-related decision-making 
in social contexts in children and adolescents with ADHD 
compared with controls by employing the well-established 
ultimatum game UG [24] and dictator game DG [33]. By 
investigating the discrepancy in offers between both games, 
we were able to disentangle strategic from fair decisions 
[55]. In addition, self-reports gave more insight into the 
reasons for the offers. As a secondary objective, the asso-
ciations between strategic bargaining and empathy/perspec-
tive taking were examined. The main hypothesis was con-
firmed: those with ADHD maximized their gains more than 
controls by lowering their DG offers as compared to UG 
offers more than controls. This indicated increased strate-
gic bargaining in the ADHD group. Results for these objec-
tive measures were consistent with self-reports; the ADHD 
group showed less fairness considerations in the DG than 
controls. Finally, in contrast to expectations, no relation-
ship between offers and prosocial skills was found.
The ADHD group showed more strategic bargaining, as 
reflected by lower DG offers relative to UG offers, whereas 
in comparison the control group showed less discrepancy 
between the UG and DG offers. This higher discrepancy 
between UG and DG offers in the ADHD group indicates 
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Fig. 1  Histograms show the number of participants per decided offer 
for each group. a Number of participants for each ultimatum game 
offer per group. b Number of participants for each dictator game 
offer per group. c Number of participants for each difference score 
between ultimatum and dictator game offers per group
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that they aimed to maximize the amount of their mon-
etary gain [55]. Self-reports confirmed that significantly 
fewer individuals in the ADHD group considered fairness 
as a motive for DG choices. This indicated that the ADHD 
group aimed to maximize the likelihood and the amount of 
their monetary gain [55]. The finding that offers in the UG 
approximated 50 %, corresponds with a high likelihood of 
acceptance and concurs with previous findings using this 
paradigm with anonymous players [24]. This confirms 
that all participants understood the UG status quo: poten-
tial rejection if the Responder feels being treated unfairly, 
resulting in zero payoff. It is thereby implied that the group 
differences in strategic bargaining were not likely due to 
severe perspective-taking deficits. Others have shown that 
young children who had not yet developed an understand-
ing of other’s perspective made lower UG offers than those 
who had developed such an understanding [63]. A lack of 
perspective-taking ability is therefore associated with low 
UG offers that have a high probability of being rejected. 
Our data imply that such a lack of understanding was not 
present in our sample, further supported by the fact that 
there were no group differences on the IRI perspective-
taking scale. Finally, it is important to note that the level 
of complete selfishness (DG offers of 0) was comparable 
between groups. The group difference arose specifically in 
the DG, where participants with ADHD made lower offers 
than controls, thereby maximizing their own gains to a 
larger extent than controls. This resulted in a larger differ-
ence between the UG and DG in the ADHD group com-
pared with controls. Our findings suggest that the ADHD 
groups’ decisions were more driven by gain maximizing 
motivations than social motivations compared with the con-
trol group.
The finding of more strategic bargaining by the ADHD 
group is in line with the notion of altered reward sensitiv-
ity in ADHD [26]. However, altered reward sensitivity is 
not the only factor at play. A different study, which focused 
on age effects in strategic bargaining, demonstrated that 
an age-related increase in strategic bargaining was asso-
ciated with a developmental increase in self-control [61]. 
Assuming that individuals with ADHD in this study would 
have a relatively weak self-control, they would be expected 
to demonstrate less rather than more strategic bargain-
ing than controls. It needs to be noted, however, that the 
link between strategic bargaining and high self-control in 
the study by Steinbeis was driven by correlations between 
UG offers and self-control, and not by DG offers and self-
control. In the current study, the link between strategic bar-
gaining and ADHD-C was driven by the DG offers, and not 
UG offers. Despite this difference, the fact that the ADHD 
group actually showed more strategic bargaining, might 
suggest that the monetary gain motivated the ADHD group 
more than controls to recruit more self-control. Although 
the role of self-control in the current finding is speculative 
until future research is conducted, prior studies have shown 
that monetary rewards can normalize self-control (response 
inhibition) in youth with ADHD to the level of controls, see 
Ma et al. [39] for a meta-analysis. Clearly, future research 
is needed in which the role of self-control and reward sen-
sitivity/motivation in strategic bargaining in those with 
ADHD is directly assessed by including measures of self-
control (such as the stop task) and reward sensitivity.
The current study found that the strategy in the ADHD 
group was driven by the lower number of individuals mak-
ing fair DG offers (50 %), but not a higher number of par-
ticipants making unfair (0 %) DG offers. This finding may 
be understood with the model by Myrseth and Fishbach 
[46]. According to this model, conflict arises in DG, con-
sisting of a choice between being fair or egoistic. Not iden-
tifying conflict leads to indulging (keeping all the money). 
Identification of conflict leads to either restraint (allocate 
money to the Responder) or failed restraint (indulging). 
The outcome of the conflict is shown to depend on trait 
self-control [40, 41]. Although empirical evidence is not 
entirely consistent regarding the cognitive control and DG 
fairness relation [56], egoistic DG decisions are inherently 
little reliant on cognitive control as there is no risk of rejec-
tion. Selfish tendencies do not need to be overruled, as 
there is no consequence to being selfish. In our study, a lack 
of detecting conflict in the ADHD group does not explain 
the group difference; groups did not differ in €0 DG offers. 
This further supports the suggestion that for individuals 
with ADHD, fairness may not be a sufficient motivator to 
recruit cognitive control to override selfish tendencies.
The current study did not find convincing age effects, 
even irrespective of diagnosis. In the DG, this was to be 
expected, as prior studies have not found clear differences 
in fairness between children and adolescents of similar 
age as those included in our study [22] and younger ages 
[16]. For the UG, previous research is less conclusive [22, 
27, 45, 62]. For example, [45] found that children’s offers 
decreased with age, while Harbaugh et al. [27] found the 
opposite result, and Gummerum et al. [22] found no age 
effects, possibly due to design differences. However, devel-
opmental differences may arise more clearly in somewhat 
more complicated contexts where intentionality or individ-
ual effort should be balanced against strict equality prefer-
ences [2, 23]. Children in the role of Responder have been 
shown to increasingly incorporate information regarding 
others’ intentions in their decisions with age [23, 62]. For 
example, it occurs more frequently with increasing age that 
a moderately unfair offer is accepted when the only alter-
native choice for the Proposer would have been to choose 
an even more unfair offer [62]. Similar effects have been 
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shown for individual achievement considerations [2]. 
Future research may aim to further investigate the devel-
opmental trajectory of decision-making in individuals with 
ADHD, using a combination of games that systematically 
manipulate the contextual factors that affect the decisions. 
In addition, studying a wider age range is likely to show 
stronger developmental effects, especially the inclusion of 
younger children [16, 22].
The current study had a number of strengths and limita-
tions. Strengths included the use of solid task designs, as 
the UG and DG are well-established paradigms to assess 
decision-making in a social context. Applying these to 
ADHD is an innovative approach to experimentally study 
reward-based decision-making in social contexts. Fur-
thermore, by combining the UG and DG, we were able 
to disentangle strategic bargaining from fairness motives. 
Limitations of this study include the lack of inclusion of 
self-control and reward sensitivity measures. Therefore, 
future research may expand the scope of the current study. 
First, although the literature has supported the suggestion 
that cognitive control is involved in these tasks, future 
ADHD studies may directly examine the involvement of 
cognitive control by including tasks such as the Stop Signal 
Task [37]. Additionally, including functional brain imaging 
techniques to study associated activation in relevant brain 
regions such as the dorsolateral prefrontal cortex will be 
of interest. Second, the study was not designed to exten-
sively measure social functioning in daily life. Future stud-
ies can address this by relating the experimental findings 
to, for example, questionnaires and/or sociometric data 
[10]. In addition, social decision-making clearly is influ-
enced by perceptions of interpersonal closeness (e.g., [11]. 
Children and adolescents with ADHD experience social 
difficulties with people whom they frequently interact 
with (i.e., teachers, parents and/or siblings). Therefore, an 
important future step related to ecological validity would 
be to examine whether children with ADHD modulate their 
decision-making based on feedback from another person 
such as a teacher to maintain or develop positive relation-
ships. Third, youth with ADHD demonstrate a positive illu-
sory bias regarding self-perceptions and social competence 
[35, 51]. Although this does not confound the main task 
findings, future studies should include social competence 
measures from parents. Finally, a focus on the Responder 
role will provide insight into participants’ emotional and 
potentially aggressive reactions to experienced unfairness. 
Future research is required to uncover how individuals with 
ADHD will behave when engaged as Responders in these 
economic games. It can be hypothesized that children and 
adolescents with ADHD will show a higher rejection rate 
due to emotion regulation impairment and reactive aggres-
sion [59, 67].
Conclusion
This study investigated social reward-related decision-mak-
ing in children and adolescents with ADHD using the sin-
gle shot dictator game (DG) and ultimatum game (UG) in 
the role of the Proposer. In the DG, the likelihood of mon-
etary payoff does not require considering the perspective 
of others, and children and adolescents with ADHD made 
less fair offers than controls. In the UG, which does require 
considering the perspective of another, there was no group 
difference. Both the ADHD and control groups made offers 
that were likely to result in a monetary payoff. This pat-
tern illustrates that the ADHD group was characterized 
by increased strategic bargaining. The results suggest that 
rather than a failure to understand the perspective of others, 
children and adolescents with ADHD are less motivated by 
fairness and more by monetary gain than controls in simple 
social situations.
Acknowledgments This work was financed by a VIDI Grant, Project 
Number 016.105.363, of the Netherlands Organisation for Scientific 
Research (NWO) to AS. We thank the participants and their parents 
for their efforts, and Metha Freriks, Hannah Ferentzi, and Merel de 
Groot for their help with data collection.
Compliance with ethical standards 
Conflict of interest JB has been in the past 3 years a consultant to/
member of advisory board of/and/or speaker for Janssen Cilag BV, 
Eli Lilly, Shire, Lundbeck, Roche and Servier. He is not an employee 
of any of these companies and not a stock shareholder of any of these 
companies. He has no other financial or material support, including 
expert testimony, patents or royalties. The authors IM, NR, AC and AS 
have nothing to disclose.
Open Access This article is distributed under the terms of the Crea-
tive Commons Attribution 4.0 International License (http://crea-
tivecommons.org/licenses/by/4.0/), which permits unrestricted use, 
distribution, and reproduction in any medium, provided you give 
appropriate credit to the original author(s) and the source, provide a 
link to the Creative Commons license, and indicate if changes were 
made.
References
 1. Achenbach TM, Edelbrock C (1991) Child behavior check-
list. Burlington, VT: Research Center for Children, Youth and 
Families
 2. Almås I, Cappelen AW, Sørensen EØ, Tungodden B (2010) 
Fairness and the development of inequality acceptance. Science 
328(5982):1176–1178
 3. American Psychiatric Association, Teton Data Systems (Firm) 
(2000). Diagnostic and statistical manual-text revision (DSM-
IV-TRim, 2000). American Psychiatric Association, Washington, 
DC
 4. American Psychiatric Association (2013). Diagnostic and statis-
tical manual of mental disorders, (DSM-5®). American Psychiat-
ric Pub
343Eur Child Adolesc Psychiatry (2017) 26:335–344 
1 3
 5. Barkley RA (1997) Behavioral inhibition, sustained atten-
tion, and executive functions: constructing a unifying theory of 
ADHD. Psychological bull 121(1):65
 6. Camerer C (2005) “Behavioral Economics”. In: Blundell R, 
Newey WK, Persson T (eds) Advances in Economics and Econo-
metrics: theory and applications, ninth world congress, Vol 2. 
Cambridge University Press, Cambridge and New York, pp 
181–214
 7. Camerer C, Thaler RH (1995) Anomalies: ultimatums, dictators 
and manners. J Econom Perspect 9(2):209–219
 8. Castellanos FX, Sonuga-Barke EJ, Milham MP, Tannock R 
(2006) Characterizing cognition in ADHD: beyond executive 
dysfunction. Trends Cognit Sci 10(3):117–123
 9. Castellanos FX, Tannock R (2002) Neuroscience of attention-
deficit/hyperactivity disorder: the search for endophenotypes. 
Nat Rev Neurosci 3(8):617–628
 10. Cillessen AHN (2009) Sociometric methods. In: Rubin KH, 
Bukowski WM, Laursen B (eds) Handbook of peer interactions, 
relationships, and groups. Guilford, New York, pp 82–99
 11. Cornelissen G, Dewitte S, Warlop L (2011) Are social 
value orientations expressed automatically? Decision-
making in the dictator game. Pers Social Psychol Bull. 
doi:10.1177/0146167211405996
 12. Crone EA et al (2014) Social decision-making in childhood and 
adolescence. In: van Lange PAM, Rockenbach B, Yamagishi T 
(eds) Reward and punishment in social dilemmas. Oxford Uni-
versity Press, New York
 13. Dalsgaard S, Leckman JF, Mortensen PB, Nielsen HS, Simon-
sen M (2015) Effect of drugs on the risk of injuries in children 
with attention deficit hyperactivity disorder: a prospective cohort 
study. Lancet Psychiatry 2(8):702–709
 14. Davis MH (1980) A multidimensional approach to individual 
differences in empathy. JSAS Cat Selected Doc Psychol 10:85
 15. Erhardt D, Hinshaw SP (1994) Initial sociometric impressions 
of attention-deficit hyperactivity disorder and comparison boys: 
Predictions from social behaviors and from nonbehavioral vari-
ables. J Consult Clin Psychol 62(4):833
 16. Fehr E, Bernhard H, Rockenbach B (2008) Egalitarianism in 
young children. Nature 454(7208):1079–1083
 17. Field A (2005) Discovering statistics using SPSS, 2nd edn. Sage 
Publications, London
 18. Forsythe R, Horowitz JL, Savin NE, Sefton M (1994) Fair-
ness in simple bargaining experiments. Games Econom Behav 
6(3):347–369
 19. Glass K, Flory K, Hankin BL (2012) Symptoms of ADHD and 
close friendships in adolescence. J Atten Disord 16(5):406–417
 20. Greenhill LL (1998) The use of psychotropic medication in 
preschoolers: indications, safety, and efficacy. Can J Psychiatry 
43(6):576–581
 21. Groen Y, Gaastra GF, Lewis-Evans B, Tucha O (2013) Risky 
behavior in gambling tasks in individuals with ADHD—a sys-
tematic literature review. PLoS ONE 8(9):e74909
 22. Gummerum M, Hanoch Y, Keller M (2008) When child devel-
opment meets economic game theory: An interdisciplinary 
approach to investigating social development. Hum Dev 
51(4):235–261
 23. Güroğlu B, van den Bos W, Crone EA (2009) Fairness consid-
erations: increasing understanding of intentionality during ado-
lescence. J Exp Child Psychol 104(4):398–409
 24. Guth W, Schmittberger R, Schwarze B (1982) An experimental-
analysis of ultimatum bargaining. J Econ Behav Organ 3(4):367–
388. doi:10.1016/0167-2681(82)90011-7
 25. Güth W, Tietz R (1990) Ultimatum bargaining behavior: a sur-
vey and comparison of experimental results. J Econ Psychol 
11(3):417–449
 26. Haenlein M, Caul WF (1987) Attention deficit disorder with 
hyperactivity: a specific hypothesis of reward dysfunction. J Am 
Acad Child Adolesc Psychiatry 26(3):356–362
 27. Harbaugh WT, Krause K, Liday SJ (2003) Bargaining by 
children. University of Oregon Economics Working Paper 
(2002–2004)
 28. Hawk ST, Keijsers L, Branje SJ, Graaff JVD, Wied MD, Meeus 
W (2013) Examining the interpersonal reactivity index (IRI) 
among early and late adolescents and their mothers. J Pers 
Assess 95(1):96–106
 29. Herpers PC, Rommelse NN, Bons DM, Buitelaar JK, Scheepers 
FE (2012) Callous–unemotional traits as a cross-disorders con-
struct. Soc Psychiatry Psychiatr Epidemiol 47(12):2045–2064
 30. Hodgens JB, Cole J, Boldizar J (2000) Peer-based differences 
among boys with ADHD. J Clin Child Psychol 29(3):443–452
 31. Hoza B, Mrug S, Gerdes AC, Hinshaw SP, Bukowski WM, Gold 
JA, Arnold LE (2005) What aspects of peer relationships are 
impaired in children with attention-deficit/hyperactivity disor-
der? J Consult Clin Psychol 73(3):411
 32. Jackson JN, MacKillop J (2015). Attention deficit hyperactivity 
disorder and delay discounting: a meta-analysis of categorical 
and continuous relationships. In: Paper presented at the Ameri-
can psychological association annual convention, Toronto, Can-
ada, 6–9 August 2015
 33. Kahneman D, Knetsch JL, Thaler RH (1986) Fairness and 
the assumptions of economics. J Bus 59(4):S285–S300. 
doi:10.1086/296367
 34. Kort DW, Compaan E, Bleichrodt N, Resing W, Schittekatte M, 
Bosmans M et al (2002) wisc-iii nl handleiding. Dutch manual. 
NIP, Amsterdam
 35. Linnea K, Hoza B, Tomb M, Kaiser N (2012) Does a positive 
bias relate to social behavior in children with ADHD? Behav 
Ther 43(4):862–875
 36. Loewenstein G (2000) Emotions in economic theory and eco-
nomic behavior. Am Econom Rev 90(2):426–432
 37. Logan GD (1994) On the ability to inhibit thought and action: a 
user’s guide to the stop signal paradigm. In: Dagenbach D, Carr 
TH (eds) Inhibitory processes in attention, memory, and lan-
guage. Academic Press, San Diego, CA, pp 189–239
 38. Luman M, Oosterlaan J, Sergeant JA (2005) The impact of 
reinforcement contingencies on AD/HD: a review and theo-
retical appraisal. Clin Psychol Rev 25:183–213. doi:10.1016/j.
cpr.2004.11.001
 39. Ma I, van Duijvenvoorde A, Scheres A (2016) The interac-
tion between reinforcement and inhibitory control in ADHD: a 
review and research guidelines. Clin Psychol Rev 44:94–111
 40. Martinsson P, Myrseth KOR, Wollbrant C (2012) Reconcil-
ing pro-social vs. selfish behavior: on the role of self-control. 
Judgm Decis Making 7(3):304–315
 41. Martinsson P, Myrseth KOR, Wollbrant C (2014) Social dilem-
mas: when self-control benefits cooperation. J Econ Psychol 
45:213–236
 42. McQuade JD, Hoza B (2008) Peer problems in attention deficit 
hyperactivity disorder: current status and future directions. Dev 
Disabil Res Rev 14(4):320–324
 43. Metcalfe J, Mischel W (1999) A hot/cool-system analysis of 
delay of gratification: dynamics of willpower. Psychol Rev 
106(1):3–19. doi:10.1037//0033-295X.106.1.3
 44. Mrug S, Molina BS, Hoza B, Gerdes AC, Hinshaw SP, Hechtman 
L, Arnold LE (2012) Peer rejection and friendships in children 
with attention-deficit/hyperactivity disorder: contributions to 
long-term outcomes. J Abnorm Child Psychol 40(6):1013–1026
 45. Murnighan JK, Saxon MS (1998) Ultimatum bargaining by chil-
dren and adults. J Econ Psychol 19(4):415–445
344 Eur Child Adolesc Psychiatry (2017) 26:335–344
1 3
 46. Myrseth KOR, Fishbach A (2009) Self-control a function of 
knowing when and how to exercise restraint. Curr Dir Psychol 
Sci 18(4):247–252
 47. Nijmeijer JS, Minderaa RB, Buitelaar JK, Mulligan A, Hartman 
CA, Hoekstra PJ (2008) Attention-deficit/hyperactivity disorder 
and social dysfunctioning. Clin Psychol Rev 28(4):692–708
 48. Normand S, Schneider BH, Lee MD, Maisonneuve M-F, Chu-
petlovska-Anastasova A, Kuehn SM, Robaey P (2013) Continui-
ties and changes in the friendships of children with and without 
ADHD: a longitudinal, observational study. J Abnorm Child Psy-
chol 41(7):1161–1175
 49. Nowak MA, Page KM, Sigmund K (2000) Fairness versus rea-
son in the ultimatum game. Science 289(5485):1773–1775
 50. Oosterlaan J, Scheres A, Antrop I, Roeyers H, Sergeant JA 
(2000) Vragenlijst voor Gedrags problemen bij Kinderen 
(VvGK). Nederlandse bewerking van de disruptive behavior dis-
orders rating scale [Dutch translation of the disruptive behavior 
disorders rating scale]. Swets Test Publishers, Lisse
 51. Owens JS, Goldfine ME, Evangelista NM, Hoza B, Kaiser NM 
(2007) A critical review of self-perceptions and the positive illu-
sory bias in children with ADHD. Clin Child Fam Psychol Rev 
10(4):335–351
 52. Pelham W, Bender M (1982) Peer relationships in hyperactive 
children: description and treatment. Adv Learn Behav Disabil 
1:365–436
 53. Pennington BF, Ozonoff S (1996) Executive functions and 
developmental psychopathology. J Child Psychol Psychiatry 
37(1):51–87
 54. Ramos-Quiroga JA, Montoya A, Kutzelnigg A, Deberdt W, 
Sobanski E (2013) Attention deficit hyperactivity disorder in the 
European adult population: prevalence, disease awareness, and 
treatment guidelines. Curr Med Res Opin 29(9):1093–1104
 55. Scheres A, Sanfey AG (2006) Individual differences in decision 
making: drive and reward responsiveness affect strategic bar-
gaining in economic games. Behav Brain Funct 2:35–43
 56. Schulz JF, Fischbacher U, Thöni C, Utikal V (2014) Affect and 
fairness: dictator games under cognitive load. J Econ Psychol 
41:77–87
 57. Shaffer D, Fisher P, Lucas CP, Dulcan MK, Schwab-Stone 
ME (2000) NIMH Diagnostic Interview Schedule for Children 
Version IV (NIMH DISC-IV): description, differences from pre-
vious versions, and reliability of some common diagnoses. J Am 
Acad Child Adolesc Psychiatry 39(1):28–38
 58. Sharp C, Monterosso J, Montague PR (2012) Neuroeconomics: a 
bridge for translational research. Biol Psychiatry 72(2):87–92
 59. Sjöwall D, Roth L, Lindqvist S, Thorell LB (2013) Multiple defi-
cits in ADHD: executive dysfunction, delay aversion, reaction 
time variability, and emotional deficits. J Child Psychol Psychia-
try 54(6):619–627
 60. Sonuga-Barke EJ, Fairchild G (2012) Neuroeconomics of atten-
tion-deficit/hyperactivity disorder: differential influences of 
medial, dorsal, and ventral prefrontal brain networks on decision 
making? Biol Psychiatry 72(2):126–133
 61. Steinbeis N, Bernhardt BC, Singer T (2012) Impulse control and 
underlying functions of the left DLPFC mediate age-related and 
age-independent individual differences in strategic social behav-
ior. Neuron 73(5):1040–1051
 62. Sutter M (2007) Outcomes versus intentions: on the nature of 
fair behavior and its development with age. J Econ Psychol 
28(1):69–78
 63. Takagishi H, Kameshima S, Schug J, Koizumi M, Yamagishi T 
(2010) Theory of mind enhances preference for fairness. J Exp 
Child Psychol 105(1):130–137
 64. Test O (2015) Your chi-square test is statistically signifi-
cant ± now what? Pract Assess Res Eval 20(8):2–10
 65. Tseng W-L, Kawabata Y, Gau SS-F, Crick NR (2014) Symptoms 
of attention-deficit/hyperactivity disorder and peer functioning: 
a transactional model of development. J Abnorm Child Psychol 
42(8):1353–1365
 66. Van Dijk E, Vermunt R (2000) Strategy and fairness in social 
decision making: sometimes it pays to be powerless. J Exp Soc 
Psychol 36(1):1–25
 67. Wehmeier PM, Schacht A, Barkley RA (2010) Social and emo-
tional impairment in children and adolescents with ADHD and 
the impact on quality of life. J Adolesc Health 46(3):209–217
 68. Zelazo PD, Müller U (2002) Executive function in typical and 
atypical development. In: Goswami U (ed) Handbook of child-
hood cognitive development. Blackwell, Oxford, pp 445–469
